ECONOMY: 1951-1997

Introduction
Verdoorn's law postulates the existence of a significant positive relationship between the growth rate of labour productivity and that of output, at least in manufacturing. The relationship is generally interpreted to be of a technological nature, thus reflecting the alleged existence of both static and mainly dynamic economies of scale, and then of increasing returns. Kaldor (1966) tested the validity of the law for a cross section of industrial countries in the 1953-1964 period, finding a value of the so-called Verdoorn coefficient, i.e. the marginal elasticity of labour productivity with respect to output, of about 0.5. 1 Since the marginal elasticity of employment, which by definition is the complement to one of the Verdoorn coefficient, had the same approximate value, Kaldor argued that a one percentage point increment in the growth of output required an increase in employment only by half, while the rest was accommodated by an equal rise in productivity. Thus, in an apparently convincing way, he claimed that the empirical finding of a marginal elasticity of employment less than one would be a proof of the existence of increasing returns, a feature he deemed to be typical of the industrial sector. Indeed, when checking for the validity of the law in various sectors of the 1 It is interesting to notice that in his original study (1949) , motivated by practical programming purposes, Verdoorn sought to analyse the conditions behind the existence of a stable constant elasticity of labour productivity with respect to output. In the subsequent empirical works, however, the Verdoorn coefficient was set equal to the marginal elasticity of labour productivity, as derived from a regression between the two relevant variables. This procedure obviously implies that the average elasticity: a) will normally be different from the marginal one; b) will depend upon the actual rate of growth of output; c) in general will be higher than the marginal one since labour productivity growth usually has an autonomous (or exogenous) positive component. This means that the actual Verdoorn coefficient, and thus the scale of returns, will generally be higher than reported, even though not independent of output growth. Kaldor seemed to be at least partially aware of this problem: in his original article (1966, appendix b) , indeed, when commenting the regressions relative to various sectors of the economy, he tended to attribute a minor significance to the evidence of a positive (marginal) Verdoorn coefficient in those sectors (as agriculture and construction) where the regressions indicated the existence of a high value of the intercept.
economy, Kaldor found it unambiguously confirmed only in the case of industry (mainly in manufacturing, but also in public utilities and construction), while elsewhere the evidence was either controversial or weak. Bairam (1987) provides an intuitive and convincing explanation of the reasons that might lead to spurious correlations when using cross-country data. The famous debate between Rowthorn (1975) and Kaldor, centred around the peculiar features of Japan as being or not an outlier in the sample of industrial nations, yields another example of the possible heterogeneity among countries from a technological point of view. A further proof of this same heterogeneity will be given in the final part of this paper, when comparing estimates of the Verdoorn coefficient relative to Italy, the European Union and the USA. 3 While differences between the North and the South are well known, many studies point to the existence of three or even several Italies, characterised by peculiar productive structures, mainly tied to the features of the so called industrial districts. An empirical evaluation of the differences in productivity among Italian regions is provided, even though in a conditional convergence context, by Bianchi and Menegatti (1997) . 4 With reference to the Italian economy, particularly, not only the first oil crisis but also adhesion to the EMS acted as break factors in the field of industrial behaviour and organisation. This paper purports to test the validity of Verdoorn's law for the Italian economy, both in general and for some specific productive sectors, using annual data for the 1951-1997 period. 7 A preliminary analysis of the traditional estimates is followed by two possible extensions of the basic framework. The first one introduces a partial adjustment mechanism assuring that in the long run the actual employment level is equal to the desired one, so as to eliminate the short run bias in the estimates of the Verdoorn coefficient. The second one removes some simplifying assumptions at the basis of Kaldor's interpretation of the law by examining a formulation in which the effects of capital growth on output dynamics are explicitly considered. As it will be shown, while traditional estimates suggest that returns to scale in Italy are always increasing, both for the whole economy and for all individual sectors, the partial adjustment model but mainly the explicit consideration of capital dynamics seem to indicate, rather, 5 Annual data are less subject to a short run bias, especially when the analysis is conducted, as in the paper, over a very long time span. 6 Standard labour units may be defined as the hypothetical number of people that would be employed if everyone worked a number of hours corresponding to the contractual requirements; the concept, then, is a close substitute for the whole number of actually worked hours and is less sensible to the short run phenomenon of labour hoarding. 7 This is the longest time span for which homogeneous data exist. In fact since 1998 the Italian central institute of statistics (ISTAT) has changed the methodological criteria used in the classification and evaluation of the national accounts data, passing from the SEC79 to the SEC95 system. This has produced not only different estimates of value added and standard labour units, but also a change in the allocation of economic activities to various sectors. The new series then are not comparable with the previous ones. All data for the Italian economy used in calculations have been taken from the national accounts series provided by ISTAT; data referred to the earlier years (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) have been taken from the reconstruction operated by Rossi, Sorgato and Toniolo (1993) , when available, or reconstructed recursively by applying the annual rates of change of the relevant variables in the old ISTAT national accounts data to the new series. The capital stock series has been taken from Rossi, Sorgato and Toniolo (1993) 
The traditional formulation
The traditional specification of Verdoorn's law implies estimating the following equation:
(1) g p = a + b g y where g p is the rate of growth of labour productivity and g y is the corresponding rate of growth of output (value added). The parameter a is generally supposed to 8 Data regarding the European Union and the USA have been taken from the OECD National Accounts and Economic Outlook Statistics; in this context industry refers to manufacturing and labour is defined as civilian employment, rather than standard labour units. Data on the capital stock have been retrieved from Datastream; with reference to Europe a proxy for the whole Union has been constructed, corresponding to the capital stock of the five major European countries, accounting for more than 80% of total GDP, i.e. France, Germany, Italy, Spain and the United Kingdom.
be related to the rate of autonomous (and thus exogenous) technical progress, while the coefficient b defines the nature and size of returns, in the way specified below.
Since, by definition, g p = g y -g n , where g n is the rate of growth of employment, eq. (1) is equivalent to:
This formulation is preferred by Kaldor since labour productivity is actually no more than a definition (just like money velocity) while the relevant variables are output Y (assumed to be exogenous, as determined by aggregate demand) and employment N (assumed to be the relevant decision variable by firms). Kaldor's interpretation, besides, seems sensible not only from an economic standpoint, but also from a statistical one, since all Verdoorn coefficients computed through eq. (1) are always highly significant, given the interdependence between g p and g y , while the same is not true for the marginal elasticities of employment. Furthermore eq. (2) enables a more significant specification of long run Verdoorn coefficients when a partial adjustment of employment to output is admitted, in the sense to be specified later on.
Eq. (1) and (2) can be substantially associated to a production function of the classical Cobb-Douglas form 9 , where labour (N) and capital (K) are assumed to be the unique inputs, so that:
where g is the exogenous rate of growth of total factor productivity (A) and α and β define the nature and size of existing returns to scale. From (3), taking logs of both sides and using low letter cases for the derived variables, we get:
(4) y = logA + gt + αk + βn so that, differentiating with respect to time yields:
(5)
From (5) an implicit employment function can be derived, given by:
This is the general form of Verdoorn's law that ought to be estimated (or alternatively eq. (5), often labelled Rowthorn's reformulation 10 ). However the traditional estimates of the law, as given by eq. (2) or (1), can still be used to yield unbiased measures of the size of returns if a few simplifying assumptions are introduced. Indeed, there are at least three different ways to reconcile eq. (6) with eq. (2). The first one is based on Kaldor's observations about the stylised properties of industrial countries and is related to the idea that, in the long run, the ratio between output and capital is constant. Thus if K/Y=v and g k =g y , by substituting into (6) we get:
(1− α)g k Equation (7) is thus immediately transformed into eq. (2), with the obvious implications that if the estimated marginal elasticity of employment is less than one then α+β>1 and returns to scale are increasing, while if the same coefficient is equal to (or less than) one then returns are constant (or decreasing). 11 Thus 10 Cf., for instance, Bairam (1987), p. 23, footnote 10. 11 Comparing (2) and (7) it is easy to check that 1-b=d-e=β -1 (1-α), so that 1-b<1 implies α+β>1. Notice, however, that while the estimate of the coefficient (d-e) allows to derive conclusions about the nature of returns, nothing can be said about their actual size, since the elementary values of α and β cannot be ascertained.
Kaldor appears to be correct in stating: "a sufficient condition for the presence of static or dynamic economies of scale is the existence of a statistically significant relationship between g n and g y with a regression … coefficient which is significantly less than 1." (Kaldor, 1975, p. 893) . This quotation also makes it clear that Kaldor attributes the evidence of increasing returns to the existence of static and dynamic economies of scale; in this sense the phenomenon is considered to be an intrinsic feature of manufacturing, while other sectors of the economy should typically exhibit decreasing returns (Kaldor, 1966) .
The second way to get eq. (2) from (6) , if the marginal elasticity of employment is less than one then, as Kaldor claims, this is a sufficient condition 13 for the existence of increasing returns to scale.
A third way to reconcile eq. (6) with eq. (2) is based on Verdoorn's observation that the coefficient associated with his name depends upon the relative growth rates of capital and employment.
14 If the ratio between these growth rates, as it happens in steady states and as Thirlwall (1980) suggests to be another stylised fact of industrial economies, is constant, then
g k = fg n 12 It can be easily checked that under the assumptions made we have the following association of parameters: a=β -1 ρ; 1-b=β -1 . 13 The condition is sufficient since 1 -b<1 implies that β>1 and, a fortiori, α+β>1 for any positive α. However it must be noted that the condition is not necessary since it is altogether possible that 1-b>1 and α+β>1. so that, substituting into (5) and rearranging yields:
In this case, however, since normally f>1, the fact that the estimated marginal elasticity of employment is less than one does not guarantee that returns are increasing. useful supplementary information as to the underlying dynamics of output and employment, generating the productivity evolution to be studied. In particular it is interesting to notice that standard labour units in agriculture decrease in the whole period 17 ; industrial employment, instead, shows an upward trend until 1980, subsequently followed by an opposite dynamics, thus justifying the idea of the existence of a structural break; the residual sectors are characterised by an almost continuous rise in employment, apparently coming to an end with the inception of the European single market.
14 Cf. Verdoorn (1949) , mathematical appendix, and Thirlwall (1980), p. 307. 15 Indeed 1-b<1 in eq. (2) only implies that αf+β>1; if f>1 this condition may be satisfied even when α+β<1.
16 From a purely econometric standpoint, the traditional estimates of Verdoorn's law using growth rates of the relevant variables are to be preferred to the alternative specifications in levels, because the series are shown to be integrated; since the appropriate test seems to indicate the absence of cointegration, only a difference specification is allowed. 17 The same pattern of behaviour characterises the experience of the construction industry; in this sector, furthermore, value added grows, initially at a very rapid pace, until 1970, but remains practically constant afterwards; as a consequence of this peculiar evolution the estimated Verdoorn equations for the construction industry are never significant.
As figure 1 in the simple Verdoorn equations is overestimated. This phenomenon seems to be particularly relevant in agriculture, where, as fig. 2 shows, a higher productivity of labour is actually associated with a falling employment 21 . This observation, of course, calls for a change in the specification of the model purporting to evaluate the size of returns to scale, with the introduction of physical capital; this modification will be introduced later on in the paper.
Sticking to the traditional specification of Verdoorn's law, an interesting analysis may concern the evolution of returns through time; 
Extensions of the traditional formulation
The simple model previously described assumes that employment -the relevant decision variable by firms -is adjusted instantaneously; actually it may be rather plausible to assume that input adjustment is slow, owing to the existence of hiring and firing costs, uncertainty about demand and contractual constraints. In order to see the consequences of a sluggish employment adjustment, we may proceed as follows. Let us start from the production function 21 As figure 2 clearly illustrates, the same evidence characterises the behaviour of the construction sector in the whole sample period and that of industry after 1980. 22 In the case of public services, however, labour productivity data are not quite significant, since sectoral value added is normally defined as incurred costs, quite closely corresponding to paid salaries; in estimating Verdoorn's law, then, one might end up with spurious correlations between employment growth and the sum of the same variable plus real wage growth. We may then assume eq. (14) to define desired equilibrium values of employment at any time t (n t *), while in the short run actual values (n t ) adjust only slowly to the desired ones, according to the rule:
(15) n t = n t-1 + λ(n t * -n t-1 ) = λn t * + (1-λ) n t-1
Substituting the value of n t *, derived from eq. (14), into eq. (15), one finally gets:
(16) n t = -λβ -1 logD -λβ -1 gt + λβ -1 (1-α)y t + (1-λ)n t-1 23 Of course a similar partial adjustment model can be easily derived under the alternative assumption of a constant growth rate of the capital stock.
so that, differentiating with respect to time, one can estimate:
(17) g n = -λβ -1 g + λβ -1 (1-α)g y + (1-λ)g n,-1 = -h + ig y + jg n,-1 where g n,-1 is the lagged growth rate of employment. Using this partial adjustment model, coefficient i 24 in eq. (17) first of all, all employment coefficients are higher, implying lower returns to scale; secondly, in the most recent times all sectors, with the exception of agriculture (though peculiar for its own structural features), show employment coefficients very near to 1, so that the hypothesis of constant returns cannot be excluded; finally, with regards to non tradables (and thus services) in the most recent period there is a presumption of decreasing returns.
The previous estimates, as said beforehand, concern employment data defined as standard labour units; this is not, however, the most significant measure of employment, since, for instance, unemployment figures are based on physical persons data. T hus, for future purposes also 26 , it may be useful to estimate employment coefficients, similar to the ones used until now, but referred 24 It is clear, from eq. (17), that i=λβ -1 (1-α). 25 Again, from eq. (17), it is clear that i/(1-j)=β -1 (1-α). 26 When an international comparison about the nature of returns is performed, the labour input data are normally defined in terms of civilian employment.
to the alternative definition. This is done in table 3, with regards to the industrial sector and to the whole economy for the 1960-1997 period 27 . As it could be expected a priori, the employment coefficients regarding standard labour units are higher, since, when output increases, firms adjust both the number of people employed and the average working time to the new level of demand. The econometric evidence gathered seems to suggest that an increase in output is accommodated by an equal relative change in employment and worked hours, in the entire 1960-97 period; in the most recent experience, however, if one takes into account the peculiar features of 1993, characterised by a very unfavourable cyclical situation, the employment coefficient computed by using standard units appears to be much higher, so that the level of returns is indeed much lower.
As said beforehand, howeve r, the traditional formulation of Verdoorn's law imply introducing some simplified assumptions either on capital growth or on the capital-output ratio. These hypotheses are obviously restrictive 28,29 and may also be considered responsible for the limited explaining capacity of the simple model implied by eq. (2). As said beforehand, a more comprehensive approach requires the estimation of an equation such as (6) 30 , explicitly considering the effects of both labour and capital inputs on production. In this case a direct estimate of the production function, i.e. Rowthorn's specification of Verdoorn's law -eq. (5), is preferable to the alternative estimation of a generalised employment function in order to exclude the presence of multicollinearity among the regressors (output and capital). Furthermore previous analyses of a generalised employment function lead to capital coefficients with the wrong sign, a result which cannot be justified on pure economic grounds 31 . 27 The choice of this more limited period is suggested by the opportunity of using less heterogeneous data; in fact labour statistics have been changed several times by ISTAT in the post war period, so that any reconstruction is bound to be arbitrary. 28 In particular, the assumption that the capital-output ratio is constant is not convincing for the Italian economy since, as shown in figure 4 , its value is very variable trough time and definitely increasing after 1960. 29 This critique was firstly proposed by Wolfe (1968) . 30 Again, as beforehand, regressions in growth rates are to be preferred to the corresponding regressions in levels because of the problem, already explained earlier, concerning the absence of cointegration among series. 31 See, for instance, Bairam (1987) , p. 31. An alternative approach to that followed in the paper, as suggested by McCombie and De Ridder (1984) , would be to construct a total factor input, corresponding to a weighted average of capital and labour, and to estimate an equation like (2) with reference to this new When capital is introduced, the nature and the size of returns to scale can be inferred directly by computing the sum of coefficients α and β in equation (5).
The estimates of this equation for the manufacturing sectors and for the whole economy of Italy are reported in table 4; the OLS technique has been used because the weak exogeneity hypothesis has not been rejected by the appropriate check 32 . The Wald tests for the constant returns hypothesis 33 confirm the existence of increasing returns in industry in the whole estimation period, using either standard labour units or physical employed persons (the coefficients sum is 1.8 approximately); nothing definite can be established in the subperiods chosen, however, meaning that despite the punctual evidence of a coefficient sum greater than 1 in the 1951-73 period and around one later on, the case of constant returns to scale at least cannot be excluded in either case. With reference instead to the whole economy, it is never possible to determine the nature of returns in an unambiguous way, both for the entire 1951-1997 period and for the chosen subperiods, since the estimated coefficients sum is never very different from 1 (and capital also appears to have the wrong sign in the most recent 1980-97 period). In the more general model defined by eq. (5), if the possibility of a slow adjustment of output is introduced, the overall picture previously described does not change. In fact, a partial adjustment model is significant for industry, but not for the system as a whole; in the industrial sector, however, the likelihood of the increasing returns assumption for the whole sample period is confirmed in a stronger way by the appropriate Wald tests.
variable. From a theoretical point of view, however, this approach has the drawback of not having a satisfactory justification for the weights to be given to capital and labour; from an empirical standpoint, moreover, total factor input estimates of equation (2) within a time series framework always produce a positive intercept, thus implying an unacceptable negative value of multifactor productivity growth in the estimation period. 32 The weak exogeneity test has been conducted according to the procedure illustrated by Engle and Hendry (1993) , by regressing the growth rate of employment, considered to be the relevant decision variable by firms, upon the set of instruments constituted by its lagged value, the current and lagged growth rates of capital and, in a truly Kaldorian spirit, the growth rate of exports. Since the residuals of this auxiliary regression, when introduced as an additional independent variable in the main regression, are not significant, then the weak exogeneity hypothesis holds, so that the basic OLS estimate can be used.
An international comparison
The level of returns estimated for the Italian economy can be usefully compared to the European Union and the United States experience. Figure 3 illustrates the basic reference scatter plots, while tables 5 and 6 report the relevant employment coefficients 34 . According to the traditional formulation of Verdoorn's law, returns are higher for Italy, both in industry and in the economy as a whole; it is also interesting to notice that, with reference to the USA, the moreover, appears to be rapidly decreasing over time. However, a partial 33 In particular, a Wald test against the null hypothesis of α+β=1 is performed. 34 As said beforehand, labour input data are based on civilian employment figures. With reference to the whole Italian economy, however, the unsatisfactory statistical properties of the series (the definition of physical persons employed has been changed several times in the estimation period) make it desirable to use standard labour units instead; an illustration of the differences implied by the use of the two alternative concepts has been provided in the previous section and in table 3.
adjustment mechanism proves to be important in determining the nature of returns in manufacturing, since its introduction in the econometric estimates enables to infer the existence of increasing returns in this sector as well, even though with reference to the whole sample period only.
With regards to the United States, finally, both for the industrial sector and for the economy as a whole, the tests performed can never exclude the presence of constant returns to scale, in the entire observation period and in all subperiods in general; in the case of manufacturing and in the most recent years there is a rather a presumption in favour of decreasing returns to scale. The use of a model with partial adjustment of production never produces an improvement in understanding the possible nature of returns in the American economy.
Conclusions
This work produced estimates of Verdoorn's law for the Italian economy in the 1951-1997 period, using three different specifications corresponding, respectively, to the traditional Verdoorn's equation, a partial adjustment model and an equation including the growth of capital among the regressors.
Estimates of the traditional Verdoorn's law suggest that returns to scale are increasing both for the whole economy and for all its sectors. The analysis conducted on selected subperiods indicates, moreover, that this general result appears to be robust, even though the size of returns turns out to be decreasing over time.
The use of a partial adjustment model, however, confirms the presence of increasing returns to scale in the whole sample period and mainly in the earlier years preceding the first oil shock, while estimates relative to the most recent period seem to indicate that returns to scale are increasing only in the short run:
in the long run constant returns cannot be excluded and there is even a presumption of decreasing returns in services. Estimates of the more appropriate equation explicitly considering capital growth, however, confirm that the industrial sector exhibits increasing returns to scale in the whole sample period, even though the same evidence is not granted in the selected subperiods; nothing definite, finally, can b e claimed with reference to the whole economy with reference to any time horizon.
An international comparison between Italy, the European Union and the United States shows the existence of many differences in the results obtained for the various areas. Indeed, the study of the more general equation considering both labour and capital growth leads to the conclusion that the presence of increasing returns to scale is justified for the European Union, both for industry and for the whole economy, while the United States experience never allows to argue against the hypothesis of constant or even decreasing returns in the case of manufacturing.
As a final conclusion it seems thus possible to claim that Verdoorn's law in the whole sample period is verified only wi th reference to the Italian industry and to the European Union in general. 
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